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DEVELOPMENT OF A MULTICUSF H™ ION SOURCE
FOR ACCELERATOR APPLICATIONS

R. L. York and Ralph R. Stevens, Jr.
l.os Alamus National Laboratory
l.os Alamos, New Mexico 87545

ABSTRACT

The development of a multicusp surface-production H™ ion sourne
(Berkaley concept) designed specifically for accelerator use is
described. The goal of this development effort has been to provide
a suitable H~ {on source for the Pruton Storapge Ring now being
constructed at LAMPF. The 1on source that has been developed is now
capable of long-term operation at 20 mA of H™ current at 10% duty
factor and with normalized beam emittance of 0.13 cm-mrad (95% beam
fractlon), The development program will be descerihed with
particular emphasis on beam emittance measurements.

INTRODUCTTON

A milticusp surface-production nepgative lon source has  been
developed at LAMPF  to satflafy the operation of the Proton Storage

Kinp as well as existing LAMPF requirements. This source must
provide an N7 beam with a peak I[ntenstty of 20 mA and sufficiont
quality to mateh the acceptance of the accelerator. To Insure an

accelerator quallty  HT fon beam  the peometrleal admittanee of the
extracted beam was  colllimated [y the lon source and  thus  the
peometrical  admittancee  of the {on source was used Lo determine the
cmittance of the extracted beame  In fact, it has  been tound  that
the measured  emfttance valuess are somewhat  higher than the
prometrical admittance  predictions.! with this  restriet fon, the
operat ing parameters ol the {on souree were stadted Inoan attempt to
Tnerease the beam bripghtaess,

ENXPERIMENTAL APPARATUS

The B fon souree development program has bheen carried out ot
the hlpgh-voltape test stand i the TAMPE Inlector compled, The Lot
staml  provides  the capahility of intensity andd onfttanee
measurements for both wwemalveed  and moass-analyzed beamss leam
current s are measured wsing both biom-cuarrent torofds ard o blased
Faraday  capse The beam-«carrent monttors have been eallbrated asing
the TAMPE 1! duoplasmat ron and the absolute acearacy ot the  bheam
current  mes arement s Iy better than 37, The emlttanee seanners are
convent Tenal sHE and colloetor ayvstems with spatial vesolatton of
0.0 mm and anmpular resolatton ot o1 mrads The emfttanece Jdata are
proceszed by the SEL #4000 TAMPY control computer and oo -1 ae
reanalysed et tanee seans arte provided to the test staad,

A . .
Vart. supported by the U Department of Enerpy,



CuUsSPr FIELD MAQGNETS

/- CONVERTERN

¥
e
4
AN ) DR G- rLy
. PR
F-o% . & eemcaiiwm h
.' v - - . []
cenp—— T AT, =t —L
FILAMENTS - /’ cesu 4 cewe J
MEPELLER -
FLECTRODE -~

(a) . (b)

Flpe 1. (a)A top view of the eylindrical source design,
(WA afde view of the eylindriecal source destign where the

shaded areas represent the permanent mapnels.

The  prototype  fon source used In these expertments Is similar
to the Berkeley aourees? The source cuploys a eylindrical  peometry
with tea mapnets  around  the eviinder and  four magnets In each
endplate az shown In Fip. 1. The cylindrical  destypn s larpe
enough  to accommodate a5 cn dlameter converter (o the magnet le
fH{eld-droe ropton In the conter ob the sources A O.1% em Laugsten
t{lament , approximately 18 em In lenpth, s mounated in oich
endplate, Water conling {4 provided to  the converter, the
tihamenta,  the eadplates,  the repeller electrode, aad each ol he
ten mapnets.s The source housing fs only cooled  {ndirectly  through
contact with the fadividual mipnet holders.  As shown In Filg., 1(al,
the peomnet rlcal adefttanee ol the donrvee Tsodet Ined by the  dlaaetor
ol the % em convevter and part{cele tlight path ot 129 ¢ to the
1.2 emdbameter channel In the repeller electrode, The Ton eam ia
extracted  through o break fo the canp tleld peometryve The mapnet s
are posittoned semactyteal by around the souree housting,  exteading
the  Tenpth of the eviinder except along the beam axise There are
breaks In the bar mapnets alony the heam axda to allow  tor
Instaltatlon  of the converter and tor beaa extrietlon. Ag shown In
Fly.  1(h) magneta ave posttdbomd above  and below  the ostract ton
apertare fooa csivamettle manney o the repeller clectrode to wlntetce

ploes Tonn arved and ta o prov e an csseattally onagnet be tield -tree



reglon for beam cxtraction. All of the magnetics around the
cylinder and in the endplates are samarium-cobalt magnets except for
the three bar magnets on the extraction side of the source and those
in the repeller electrode. It was nacessary to make these magnets
Alnico-8 magnets to insure a magnetic-field-free extraclion region.

EXPERIMENTAL RESULTS

Cesium Transfer

Originally cesium was transferred into the source using a
method similar to that used by the Berkeley group. First, the
source was conditioned by running relatively Ligh continuous arc
currents (40 to 50 amps) for several hours. The ratio of I curreat
to hecavy ion impurity current was monitored to measure the zondition
of the source. When the ratio of H™ fon current to {mpurity current
(primarily 07 and OH™) was unity. cesium was transferred by heating
the cesium oven to Z70° C and opening the vialve of the oven for
approximately one minute. With this method of transfer, the source
wias found to operate stably for up to 24 hours. However, the poerfad
of stable operation varied from one transfer to ancther.

To achieve preater long term operatfonal stabliLity, a method of
cont inuous cesium transfer was adopted. A  temperature  controller
wits  used  te  regulate the tewmperature of the cesium oven,  Thus,
after the source was conditioned the cesium valve was left open  and
the flow of cesfum Into the source was determined by the temperature
ot Lthe oven, '

This method of coesfum tronsfer plves us  the capabllity ol
studving  the varlous source  parameters under  controlled cesfum
conditlions,  For an arce carrent of 40 A, a pulse Teagth of H0O psee,
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plasma potential.
this

indicated

The
converter

small

did not

current as the mol) ybdenum.
A niobium converter was also Installed in the same geometry as

the molybdenum converter.
molybdenum in terms of sparklng and convertcr current,
niobium yielded both a brighter and higher-intensity beam

molybdenum

amount of
yield
current even though it drew approximately twice

data

Its operation was

that

wis

obhtained

significantly mora beam

as

very

much

similar to

However,
than

converter

the
the
the

when operated under the same conditions as shown in Fig.

6. At an intensity of 20 mA,
as bright as that of molybdenum.
may have
When the source was disassembled,

that 1s 1.5 times
beam quality 1is
long—-term

improved, a
operational problems.

niobium converter

the ninbium converter produced a

beam

Although the

the surface of the converter was badly spalled and cracked.

ILifetime Tests

some

Several lifetime tests were carrfed out to evaluate the
long—term performance of  this ton source for accelerator service.
The source was operated for eatended periods up to 200 hours and ion
beam  measurements  were  taken continuously during che teses at
periodic Intervals. The tests were terminated cither by aceelerator
faflure or by cholce but not bocause of ton source failure. In
general, the beam-current and  emfttance values were constant to

.30 T - T ~r—
~N
~~
© °
o 24
= o
E .
]
€ .. 0
3] A
-~ .18 aa .
~ h
< Aoa
» A A
n , %a
] 12
z
'_
- e NIOBIUM
O
c -06 A MOLYBDENUM
m

0.00 L L L — i .

0 8 18 24 a2 40

Flpe Do

Beaom bl phtne s

v

BEAM CURRENT (mA)

heaam current tor ddent teal

of ntobiam and wolybhdenum,

converters

mide



variation of the optimum <~onverter voltage as a function of
caegium-oven temperature. In Fig. 4, the beam currents
¢ .cresponding to the converter voltages shown 1In Fig. 3, are
plotted as a function of the cesium-oven temperature.

Thus, Fig. 4 1indicates that higher beam currents can be
obtained by simply transferring cesium at a higher rate. However,
since the measured emittance values are determined by the
geometrical admittance of the source, these higher beam currents at
higher converter voltages have higher cmittance values, All of the
emittance values measured at the various cesium temperatures are
plotted 1in Fig. 5 as a function of beam current. This plot shows
that over the range of cesium conditions investigated, the observed
emittance valnes increased with beam current.

To further 1nvestigate now the bheam current yileld depends on
cesium-transfer rate the source was operated at various duty
factors. When operated at low duty faetor (1%), the source
performance was equivalent to that at higher duty factor (8%), but
the source required a lower rate of cesiun transfer. The measured
cif ttiance values at lower duty factors exhlble the same relationship
to beam current shown In Fig. 5.

Converter Material Study

In the development propgram, a wolyhdenvm converter has been
used in mosr of  the testing. Howoever, titanium and nlobium
converters  have also bheen  tested. The titanium converter was
extremely diffienlt to” perate, The ecanverter surface sputtered
severely and  this  sputtering  caused spacking  that made it very
difficult to malntain the voltage on the converter. There was  also

evidence  of  the titaniam converter pumplayg a significant amount of
hydrogen, espeafally whea the converter was  allowed to float at
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within 5% of setpoint values after equilibrium had been reached.
During these tests, neither the arc nor the gas flow had closed-loop
control, so the above variztions reflect the open-loop behavior of
the source. A hydrogen—-gas controller has now been 1installed and
the present purformance {s deemed adquate for LAMPF operation.

At the end of each test, the tungsten filaments were removed
and measured. On the average, the diameter of the filaments
decreased 0.001 1inches/100 huurs of operation for 20 mA beam
operatior . This sputtering rate Implies a 600 hour filament
lifetime (10% reduction in diameter). However, some reglons of the
filaments near the cesium transfer tube did exhibit o greater
reduciion In diameter which would entail a shorter lifetime. This
transfer tube has been moved farther from the filaments and a more
uniform relduction in filament diameter 1s now expected. The cesium
consumption for 20mA operation was 0.012 grams/hour. Thus, the
present design 1s expected to have an operating lifetime in excess
of 500 hours; with sultable improvements, a 1000 hour 1ifetime can
be achieved.

CONCLUSTON

The multicusp surface-production negative len source can
provide moderate intenslty beams at high duty factor suitable for
long-term  accelerator operation. Pecak beam currents of 38 mA have
been obtalned with normalized emlttances less than 0.20 cm-mrad  and
lon source lifetimes 'n excess of 500 hours can he exp-reted.
Although development work 1s continuing to obtaln bripghter beams  at
the 20 mA  1level, the present performance of this source ls deemoed
adquate for operation of the Proton Storapge Ring at LAMPF,
Instal latior of the source Into the 750 kV Cockeroft-Walton dowe has
bepun.
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